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Particle Chart



Big Picture
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Assume a 2 × 2 neutrino mixing matrix.
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cos(θ) sin(θ)

− sin(θ) cos(θ)









ν1

ν2



 (1)

νa(t) = cos(θ)ν1(t) + sin(θ)ν2(t)

P (νa → νb) = | < νb|νa(t) > |2

= sin2(θ) cos2(θ)|e−iE2t − e−iE1t|2
(2)

Sufficient to understand most of the physics:

P (νa → νb) = sin2 2θ sin2
1.27((m2

2
− m2

1
)/eV 2)(L/km)

(E/GeV )

P (νa → νa) = 1 − sin2 2θ sin2
1.27(∆m2/eV 2)(L/km)

(E/GeV )

Oscillation nodes at π/2, 3π/2, 5π/2, ... (π/2): ∆m2 = 0.0025eV 2,



E = 1GeV , L = 494km .



Oscillations in presence of matter

Propogation equation.

i
d

dx
νf = HRθνm

L. Wolfenstein: Oscillations need to be modified in presence of

matter.

Additional potential for νe (ν̄e): ±
√

2GF Ne

Ne is electron number density.



Oscillations in presence of matter

i
d

dx
νf = RθH(νm) + Hmat(νf )

i
d

dx

(

νe

νµ

)

=
1

4E

(

Rθ

(

m2
2

− m2
1

0

0 m2
1

− m2
2

)

R
T
θ

+ 2E

(

√

2GF Ne 0

0 −

√

2GF Ne

))(

νe

νµ

)

(3)

Pµ→e =
sin2 2θ

(cos 2θ − a)2 + sin2 2θ
×sin2

L∆m2

4E

√

(a − cos 2θ)2 + sin2 2θ

a = 2
√

2EGF Ne/∆m2

≈ 7.6 × 10−5 × D/(gm/cc) × Eν/GeV/(∆m2/eV 2)
(4)



Brief review of key evidence



Super KamiokaNDE



Sudbury Neutrino Oberservatory (SNO)



KamLand



3-generation oscillations



3-generations in matter



New Neutrino Agenda



MINOS



T2K



A new reactor experiment



Super-Neutrino-Beam with a Large detector



Status of new projects



Conclusion


